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COMMUNICATION CONTROL SYSTEM,
COMMUNICATION CONTROL METHOD,
BASE STATION AND MOBILE STATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese patent Applications No.

P2001-376420, filed on Dec. 10, 2001; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication control
system and a communication control method 1n packet
mobile communication, and to abase station and a mobile
station, which are suitable for being applied thereto.

2. Description of the Related Art

Trafhic admission control 1s an essential technique to
prevent congestion from occurring in the network, to ensure
the stability of the network and to support Qos (Quality of
Service), by controlling the traffic coming into a network.
Particularly, since the radio communication (mobile com-
munication) environment 1s limited 1n radio resources, the
admission control of the traflic flowing in a radio link
(network) 1s 1indispensable.

Conventionally, 1n the mobile communication environ-
ment based on circuit switching, “traflic admission control”™
based on the available number of channels allotted to each
cell, or “trathic admission control” determining the number
of users admitted simultaneously based on the monitored
result of the loss probability or the deterioration rate, 1s
carried out (refer to “Call admission control method and
apparatus in mobile communication™; JP P1997-84105 A).

In ATM (Asynchronous Transfer Mode) communication
environment, 1t 1s determined at the connection setting
whether to permit the relevant connection setting request, to
reject the relevant connection setting request, or to negotiate
the connection setting conditions contained in the relevant
connection setting request.

Further, conventionally, for the network state of conges-
tion estimation carried out at the trathc admission control,
bufler queue average length (refer to “Congestion preven-
tion device and method thereof using RED”: JP P2001-
111556 A), or butler queue usage rate (retfer to “Congestion
control system 1n intelligent network™: JP P2000-358068) 1s
used.

However, 1n packet mobile communication, since a chan-
nel 1s shared by a plurality of users, and the occurrence
pattern and number of the packets such as voice packets and
data packets change, there 1s a problem 1n that 1t 1s difhicult
to apply “trailic admission control” 1n a mobile communi-
cation environment based on the conventional circuit
switching.

Also, 1 packet mobile communication, since 1t 1s a
connectionless commumnication, there 1s a problem 1n that the
“tratlic admission control” used 1n an ATM communication
environment, which 1s a connection-type communication,
cannot be applied thereto.

Further, 1n conventional network state of congestion
determination, the traflic type of packet i1s not taken into
consideration. Therefore, when 1t 1s determined that the
network 1s 1n a congested state, there 1s a problem 1n that the
probability of the rejection of real-time traflic 1s increased,
thereby resulting 1n a decrease 1 Qos.
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2

Furthermore, 1n the packet mobile communication envi-
ronment, the amount of radio resources creates a bottleneck
more frequently than the capacity of the queue.

Accordingly, there 1s a problem 1n that i1t 1s diflicult to
estimate the state of congestion of the network using the
average queue length or the queue usage rate.

BRIEF SUMMERY OF THE INVENTION

Accordingly, the invention has been proposed 1n view of
the above-described problems.

An object of the mvention 1s to control the traflic that
flows 1n a radio link to ensure the stability of the network as
well as to prevent the deterioration of communication qual-
ity due to the transmaission of packets exceeding the capacity
thereof, and to increase communication volume.

Another object of the invention 1s to 1ncrease communi-
cation quality by carrying out “tratlic admission control” 1n
accordance with the state of use of radio resources and the
traflic type of a packet.

The gist of a first characteristic of the invention 1s a
communication control system 1n a packet mobile commu-
nication that transmits a downlink packet from a base station
to a mobile station via a radio network, wherein the base
station comprises a transmission determiner for determining
whether or not to transmait the downlink packet to the radio
network in accordance with the state of congestion of the
radio network and the trathic type of the downlink packet.

In the first characteristic of the invention, 1t 1s preferred
that the transmission determiner estimates the state of con-
gestion of the radio network 1n accordance with the state of
use of transmission power resources 1n the base station.

In the first characteristic of the mvention, it 1s preferred
that the transmission determiner estimates the state of con-
gestion of the radio network by comparing a predetermined
threshold set for each traflic type of the downlink packet
with the state of use of transmission power resources in the
base station.

In the first characteristic of the invention, 1t 1s preferred
that the tratlic type 1s 1dentified by means of a code point of
a Diff Serv IP packet (DSCP).

The gist of a second characteristic of the invention 1s a
communication control system in a packet mobile commu-
nication that transmits an uplink packet from a mobile
station to a base station via a radio network, wherein the base
station comprises an admission determiner for determining
whether or not to admit the uplink packet that 1s transmitted
from the mobile station via the radio network 1n accordance
with the state ol congestion of the radio network and the
traflic type of the uplink packet, and a notifier for notifying
the determined result to the mobile station; the mobile
station comprises a transmission determiner for determining
whether or not to transmit the uplink packet to the radio
network 1n accordance with the notified result.

In the second characteristic of the invention, it 1s preferred
that the admission determiner estimate the state of conges-
tion of the radio network 1n accordance with the state of use
ol reception power resources 1n the base station.

In the second characteristic of the invention, it 1s preferred
that the admission determiner estimates the state of conges-
tion of the radio network by comparing a predetermined
threshold set for each traflic type of the uplink packet with
the state of use of reception power resources in the base
station.

In the second characteristic of the invention, it 1s preferred
that the tratlic type 1s 1dentified by means of a code point of

a Diff Serv IP packet (DSCP).
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The gist of a third characteristic of the invention 1s a
communication control method in a packet mobile commu-
nication that transmits a downlink packet from a base station
to a mobile station via a radio network comprising a step of
A) determining, in the base station, whether or not to
transmit the downlink packet to the radio network 1n accor-
dance with the state of congestion of the radio network and
the trathic type of the downlink packet.

The gist of a fourth characteristic of the mvention i1s a
communication control method in a packet mobile commu-
nication that transmits an uplink packet from a mobile
station to a base station via a radio network, comprising the
steps of: A) determining, in the base station, whether or not
to admit the uplink packet transmitted from the mobile
station via the radio network 1n accordance with the state of
congestion of the radio network and the tratlic type of the
uplink packet; B) notifying, from the base station, the
determined result to the mobile station; and C) determining,
in the mobile station, whether or not to transmit the uplink
packet to the radio network 1n accordance with the notified
result.

The gist of a fifth characteristic of the invention is a base
station that transmits a downlink packet to a mobile station
via a radio network comprising a transmission determiner
for determining whether or not to transmit the downlink
packet to the radio network in accordance with the state of
congestion of the radio network and the tratlic type of the
downlink packet.

The gist of a sixth characteristic of the invention 1s a base
station that receives an uplink packet from a mobile station
via a radio network comprising an admission determiner for
determining whether or not to admit the uplink packet
transmitted from the mobile station via the radio network in
accordance with the state of congestion of the radio network
and the traflic type of the uplink packet, and a notifier for
notifying the determined result to the mobile station.

The gist of a seventh characteristic of the mvention 1s a
mobile station that transmits an uplink packet to a base
station via a radio network comprising a transmission deter-
miner for determining whether or not to transmit the uplink
packet to the radio network by the base station 1n accordance
with the state ol congestion of the radio network and the
trailic type of the uplink packet.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s an 1illustration showing a packet mobile com-
munication environment including a communication control
system according to an embodiment of the invention.

FIG. 2 1s a functional block diagram of a base station
according to an embodiment of the invention.

FIG. 3 1s a diagram showing traflic types according to an
embodiment of the invention.

FI1G. 4 1s a diagram showing traflic types according to an
embodiment of the invention.

FIG. 5 1s a diagram showing an admission threshold for
cach trailic type according to an embodiment of the inven-
tion.

FIG. 6 1s a functional block diagram of a mobile station
according to an embodiment of the invention.

FI1G. 7 1s a flowchart diagram 1illustrating an operation of
the base station when a communication control system
according to an embodiment of the invention performs a
trailic admission control with respect to a downlink packet.

FIG. 8 1s a flowchart diagram 1llustrating an operation of
the base station when a communication control system
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4

according to an embodiment of the invention performs a
traflic admaission control with respect to an uplink packet.
FIG. 9 1s a flowchart diagram 1illustrating an operation of
the mobile station when a communication control system
according to an embodiment of the invention performs a
traflic admission control with respect to a downlink packet.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

(Configuration of a communication control system accord-
ing to an embodiment of the mvention)

The configuration of a communication control system
according to an embodiment of the invention will be
described with reference to the drawings. FIG. 1 1s an
illustration showing a packet mobile communication envi-
ronment 1including the communication control system
according to the embodiment of the invention.

The packet mobile communication environment shown 1n
FIG. 1 1s configured with a base station 10 and a plurality of
mobile stations 30, to 30 .

In FIG. 1, the plurality of mobile stations 30, to 30, are
connected to the base station 10, downlink signals 1, to 1,
are transmitted from the base station 10 to the plurality of
mobile stations 30, to 30,, and uplink signals 2, to 2 are
transmitted from the plurality of mobile stations 30, to 30
to the base station 10.

In the packet mobile communication environment, in
which a downlink packet 3 (downlink signal 1) 1s transmuit-
ted from the base station 10 to a mobile station 30 and an
uplink packet 4 (uplink signal 2) 1s transmitted from the
mobile station 30 to the base station 10 via a radio network,
the communication control system according to the embodi-
ment performs trathic admission control and network con-
gestion control. The above 1s achueved by the functions
provided to the base station 10 and the plurality of mobile
stations 30, to 30, .

Among the functions provided to the base station 10 and
the plurality of mobile stations 30, to 30 , those relevant to
the communication control system according to the embodi-
ment will be described.

As shown 1 FIG. 2, the base station 10 comprises a
packet admission determination circuit 11, a signal multi-
plexing circuit 12, an encoding circuit 13, a modulating
circuit 14, a down average transmission power measuring
circuit 135, a circulator 16, a radio antenna 17, an up average
reception power measuring circuit 18, a packet admission
circuit 19, a demodulating circuit 20, a decoding circuit 21,
a signal separating circuit 22, and an admission estimation
result notifying circuit 23.

According to the embodiment, the packet admission
determination circuit 11 constitutes a transmission deter-
miner configured to determine whether or not to transmit a
downlink packet 3 to the radio network according to the state
of congestion of the radio network and the tratlic type of the
downlink packet 3.

Also, the up average reception power measuring circuit
18 and the admission estimation result notifying circuit 23
constitute an admission determiner configured to determine
whether or not to admait the uplink packet 4 transmitted from
the mobile station 30 via the radio network according to the
state of congestion of the radio network and the traflic type
of the uplink packet 4, and a notifier configured to notily the
determined result to the mobile station 30.

The packet admission determination circuit 11, which 1s
connected to the signal multiplexing circuit 12 and to the
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down average transmission power measuring circuit 15,
estimates the network state of congestion according to the
down average transmission power transierred from the down
average transmission power measuring circuit 15 and to the
traflic type of the downlink packet 3.

The packet admission determination circuit 11 determines
whether or not to admit the downlink packet 3 received from
the superior network (a switching center, a radio network
controller or the like) based on the estimated result, and
transiers the downlink packet 3, that 1t 1s determined to
admuit, to the signal multiplexing circuit 12.

According to the embodiment, 1t 1s assumed that the traflic
type of the packet 1s 1dentified by a “code point of a DiffServ
IP packet: Diffserv Code Point (DSCP)” that 1s set 1n the
packet header of the relevant packet.

However, the invention 1s not limited to the above. The
traflic type of the packet may be determined 1n such manner
that the traflic type 1s notified at the time of reserving radio
resources, and so on.

Referring to FIG. 3 and FIG. 4, the tratlic types of the
packets used in the embodiment will be described. As the
traflic types of the packets used 1in the embodiment, as shown
FIG. 3, three types are defined; 1.e., an “EF (Expedited
Forwarding) type”, an “AF (AssuredForwarding) type” and
a “BE (Best Eflort) type”.

And further, as shown in FIG. 4, the “AF type” 1s
classified into four classes (class 1 to 4) 1n accordance with
priority (packet transmission speed, bufler length or the
like). The four classes are categorized into three levels (level
1 to 3) respectively on the basis of discard priority.

The “DSCP” of a packet of the “EF type” 1s “1011107; the
“DSCP” of a packet of the “AF type” 1s “XXXYYO”; and
the “DSCP” of a packet of the “BE type” 1s “000000”.

The “DSCP” of a packet of the “AF type/class 1/level 17
1s “0010107; the “DSCP” of a packet of the “AF type/class
1/level 27 1s “001100”; and the “DSCP” of a packet of the
“AF type/class 1/level 37 1s “0011107.

The “DSCP” of a packet of the “AF type/class 2/level 17
1s “0100107; the “DSCP” of a packet of the “AF type/class
2/1evel 2”7 1s “010100”; and the “DSCP” of a packet of the
“AF type/class 2/level 37 1s “0101107.

The “DSCP” of a packet of the “AF type/class 3/level 17
1s “0110107; the “DSCP” of a packet of the “AF type/class
3/level 27 1s “0111007°; and the “DSCP” of a packet of the
“AF type/class 3/level 37 1s “0111107.

The “DSCP” of a packet of the “AF type/class 4/level 17
1s “1000107; the “DSCP” of a packet of the “AF type/class
4/level 27 1s “1001007"; and the “DSCP” of a packet of the
“AF type/class 4/level 37 1s “1001107.

The “EF type” defines the packets classified in the highest
class 1n quality and priority. The “AF type” defines the
packets classified 1n the class next in priority to the “EF
type”. The “BE type” defines best-effort type packets.

Hereinafter, the “AF type/class 1/level 1 to 3”7 will be
referred to, generically, as “AF1 type”; the “AF type/class
2/1evel 1 to 3” will be referred to, generically, as “AF2 type”;
the “AF type/class 3/level 1 to 37 will be referred to,
generically, as “AF3 type”; and the “AF type/class 4/level 1
to 3” will be referred to, generically, as “AF4 type”.

In the embodiment, packets of “EF type” are defined as
“real-time type” packets. The other traflic type packets are
defined as “non-real-time type” packets.

Specifically, the packet admission determination circuit
11 calculates the “down radio resources usage rate (state of
use of transmission power resources 1n the base station 10)
R in order to estimate the network state of congestion.
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6

Herein, the term “down radio resources usage rate R”
means the proportion of the “down maximum transmission
power’ occupied by “down average transmission power” .

Also, the term “down average transmission power’ means
a time average of the down transmission power per prede-
termined period of time. For example, the term “down
average transmission power’ means a time average ol the
down transmission power for each time slot within each
frame that has already been transmitted by the base station

10.

Further, the term “down maximum transmission power”
means a maximum value of the power by which the base
station 10 can transmit the downlink signal 1.

When the down radio resources usage rate R 1s smaller
than the admission threshold N, of the traffic type of the
downlink packet 3, the packet admission determination
circuit 11 determines to admit the downlink packet 3.

On the other hand, when the down radio resources usage
rate R 1s equal to or larger than the admission threshold N,
of the tratlic type of the down link packet 3, the packet
admission determination circuit 11 determines not to admut
the downlink packet 3 in the case where the downlink packet
3 1s real time tratlic (1.e., packet of “EF type”); and deter-
mines to builer the downlink packet 3 in the case where the
downlink packet 3 1s non-real-time traflic (1.e. packet other
than “EF type”).

FIG. 5 shows admission threshold N, for each tratlic type.
The symbol “1” denotes a traflic type (“EF type”, “AF4
type”, “AF3 type 7, “AF2 type”, “AF1 type” or “BE type™).

In the embodiment, as shown in FIG. 5, the admission
threshold N ... 1s set to 90%; the admission threshold N ..,
1s set to 80%; the admuission threshold N , -, 1s setto 70%; the
admission threshold N ,., 1s set to 60%; the admission
threshold N , -, 1s set to 50%; and the admission threshold
N__1s set to 40%.

The packet admission determination circuit 11 renews the
radio resources usage rate R in accordance with the down
average transmission power from the down average trans-
mission power measuring circuit 135 at every predetermined
period of time (for example, every frame).

The signal multiplexing circuit 12 i1s connected to the
packet admission determination circuit 11, the encoding
circuit 13, and the admission estimation result notifying
circuit 23; and multiplexes the downlink packet 3 from the
packet admission determination circuit 11 and an admission
estimation result from the admission estimation result noti-
tying circuit 23, and transmits it to the encoding circuit 13.

The encoding circuit 13 1s connected to the signal mul-
tiplexing circuit 12 and the modulating circuit 14; and
encodes the multiplexed signal from the signal multiplexing
circuit 12, and transmits 1t to the modulating circuit 14.

The modulating circuit 14 1s connected to the encoding
circuit 13, the down average transmission power measuring
circuit 15, and the circulator 16; and modulates the encoded
signal from the encoding circuit 13, and transmits it to the
down average transmission power measuring circuit 15 and
the circulator 16.

The down average transmission power measuring circuit
15 1s connected to the packet admission determination
circuit 11 and the modulating circuit 14; and monitors the
modulated signal from the modulating circuit 14 to measure
the down average transmission power. The measured down
average transmission power 1s transmitted to the packet
admission determination circuit 11.
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The down average transmission power measuring circuit
15 measures the down average transmission power at every
predetermined period of time (for example, at every time
slot within the frame).

The circulator 16 1s connected to the modulating circuit
14, the radio antenna 17, the up average reception power
measuring circuit 18 and the packet admission determination
circuit 19; and switches between the transmission process of
the downlink signal 1 transferred from the modulating
circuit 14 to the radio antenna 17, and the reception process
of the uplink signal 2 transferred from the radio antenna 17
to the packet admission determination circuit 19 and the up
average reception power measuring circuit 18.

The up average reception power measuring circuit 18 1s
connected to the circulator 16 and the admission estimation
result notitying circuit 23; and monitors the uplink signal 2
from the circulator 16 to measure the up average reception
power, and transmits the measured up average reception
power to the admission estimation result notifying circuit

23.

The up average reception power measuring circuit 18
measures the up average reception power every predeter-
mined period of time (for example, every time slot in the
frame).

Herein, the up average reception power measuring circuit
18 may measure the average value of “SIR (Signal to
Interference Power Ratio)” every predetermined period of
time, as the up average reception power, 1 place of mea-
suring the average value of the up average reception power
level at every predetermined period of time.

The packet admission circuit 19 1s connected to the
circulator 16 and the demodulating circuit 20; and admuits the

uplink signal 2 from the circulator 16, to transmit the
admitted uplink signal 2 to the demodulating circuit 20.

The demodulating circuit 20 1s connected to the packet
admission circuit 19 and the decoding circuit 21; and
demodulates the uplink signal 2 from the packet admission
circuit 19, and transiers 1t to the decoding circuit 21.

The decoding circuit 21 1s connected to the demodulating
circuit 20 and the signal separating circuit 22; and decodes
the demodulated signal from the demodulating circuit 20,
and transmits it to the signal separating circuit 22.

The signal separating circuit 22 1s connected to the
decoding circuit 21; and separates the decoded signal from
the decoding circuit 21 and extracts the uplink packet 4 to
transmit the extracted uplink packet 4 to the superior net-
work.

The admission estimation result notifying circuit 23 1s
connected to the signal multiplexing circuit 12 and the up
average reception power measuring circuit 18.

The admission estimation result notifying circuit 23 esti-
mates the state of congestion of the radio network in
accordance with the up average reception power from the up
average reception power measuring circuit 18; determines
whether or not to receive the uplink packet 4 of each tratlic
type based on the estimated result, and transmits the deter-
mined admission estimation result (to receive or not to
receive) to the signal multiplexing circuit 12.

Specifically, i order to estimate the state of congestion of
the radio network, the admission estimation result notifying
circuit 23 calculates the “up radio resources usage rate (state
of use of reception power resources in the base station 10)
R”.

Herein, the term “up radio resources usage rate R” means
the proportion of the “up maximum reception power” occu-
pied by “up average reception power”
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The term “up average reception power’ means the time
average of the up reception power at every predetermined
period of time, for example, the time average of the up
reception power 1n each time slot 1n the frame that has been
received by the base station 10.

The term “up maximum reception power’ means the
maximum value of power by which the base station 10 can
receive the uplink signal 2.

When the up radio resources usage rate R 1s smaller than
the admission threshold N, of the traflic type 1, the admission
estimation result notifying circuit 23 determines to admuit the
uplink packet 4 (uplink signal 2) of the traflic type 1.

On the other hand, when the up radio resources usage rate
R 1s equal to or larger than the admission threshold N, of the
traflic type 1, the admission estimation result notifying
circuit 23 determines not to admit the uplink packet 4
(uplink signal 2) of the traflic type 1.

As shown i FIG. 6, the mobile station 30 comprises a
packet input circuit 31, a traflic type check circuit 32, an
encoding circuit 33, a modulating circuit 34, a circulator 35,
a signal separating circuit 36, an admission Y/N judgment
circuit 37, a transmission timing determination circuit 38, a
demodulating circuit 39, a decoding circuit 40 and a packet
output circuit 41.

According to the embodiment, the admission Y/N judg-
ment circuit 37 constitutes a transmission determiner con-
figured to determine whether or not to transmit the uplink
packet 4 to the radio network 1n accordance with the result
notified from the base station 10.

The packet mput circuit 31 1s connected to the traflic type
check circuit 32. The packet mput circuit 31 1s an 1mput
interface for allowing a user of the mobile station 30 to mnput
data (including voice data); and generates the uplink packet
4 based on the mput data to transmait to the traflic type check
circuit 32. When generating the uplink packet 4, the packet
iput circuit 31 sets a DSCP (traflic type) in the packet
header 1n accordance with the content of the data.

The traflic type check circuit 32 1s connected to the packet
input circuit 31, the encoding circuit 33 and the admission
Y/N judgment circuit 37; and checks the traflic type of the
uplink packet 4 based on the DSCP 1n the packet header of
the uplink packet 4 from the packet input circuit 31.

Also, the trailic type check circuit 32 transmits the
checked traflic type to the admission Y/N judgment circuit
37 and transmits the uplink packet 4 from the packet mnput
circuit 31 to the encoding circuit 33.

The encoding circuit 33 1s connected to the traflic type
check circuit 32, the modulating circuit 34 and the trans-
mission timing determination circuit 38; and encodes the
uplink packet 4 from the traflic type check circuit 32 in
accordance with the transmission timing from the transmis-
s1on timing determination circuit 38, and transfers it to the
modulating circuit 34.

The modulating circuit 34 1s connected to the encoding
circuit 33 and the circulator 35; and modulates the encoded
signal from the encoding circuit 33, and transiers it to the
circulator 35.

The circulator 35 1s connected to the modulating circuit
34 and the radio antenna 42:; and switches between the
transmission process of an uplink signal 2 from the modu-
lating circuit 34 to the radio antenna 42, and the reception
process of a downlink signal 1 from the radio antenna 42 to
the signal separating circuit 36.

The signal separating circuit 36 1s connected to the
circulator 35, the admission Y/N judgment circuit 37 and the
demodulating circuit 39. The signal separating circuit 36
separates the admission estimation result i the downlink

.
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signal 1 from the circulator 35 to transmit to the admission
Y/N judgment circuit 37; and transmits the rest thereof to the
demodulating circuit 39.

The admission Y/N judgment circuit 37 1s connected to
the traflic type check circuit 32, the signal separating circuit
36 and the transmission timing determination circuit 38; and
judges whether or not the traflic type of the uplink packet 4
1s admitted by the base station 10 1n accordance with the
traflic type from the traflic type check circuit 32 and the
admission estimation result from the signal separating cir-
cuit 36, and notifies the judged result to the transmission
timing determination circuit 38.

The transmission timing determination circuit 38 1s con-
nected to the encoding circuit 33 and the admission Y/N
judgment circuit 37; and generates transmission timing in
accordance with the judged result from the admission Y/N
judgment circuit 37, and transmits 1t to the encoding circuit

33.

The transmission timing determination circuit 38 does not
generate the transmission timing when the result judged by
the admission Y/N judgment circuit 37 1s such that the tratlic
type of the uplink packet 4 1s not admitted by the base station
10. As a result, the encoding circuit 33 does not encode the
uplink packet 4.

The demodulating circuit 39 1s connected to the signal
separating circuit 36 and the decoding circuit 40; and
demodulates the downlink signal 1 from the signal separat-
ing circuit 36, and transmits it to the decoding circuit 40.

The decoding circuit 40 1s connected to the demodulating,
circuit 39 and the packet output circuit 41; and decodes the
demodulated signal from the demodulating circuit 39, and
transmits 1t to the packet output circuit 41.

The packet output circuit 41 1s connected to the decoding
circuit 40; and 1s an output interface that restores the
downlink packet 3 1n accordance with the decoded signal
from the decoding circuit 40, and that outputs data (includ-
ing voice data) to the user of the mobile station 30 according
to the restored downlink packet 3.

(Operation of the Communication Control System Accord-
ing to the Embodiment)

Referring to drawings, the operation of the communica-
tion control system having the configuration as described
above will be described.

FIG. 7 1s a flowchart diagram 1llustrating an operation of
the base station 10 when the communication control system
according to the embodiment performs a trathic admission
control with respect to a downlink packet.

FIG. 8 1s a flowchart diagram 1llustrating an operation of
the base station 10 when the communication control system
according to the embodiment performs a trathic admission
control with respect to an uplink packet.

FIG. 9 1s a flowchart diagram 1llustrating an operation of
the mobile station 30 when the communication control
system according to the embodiment performs a traflic
admission control with respect to an uplink packet.

First of all, the operation of the base station 10 when the
communication control system according to the embodiment

performs the traflic admission control with respect to the
downlink packet 3 will be described.

As shown 1 FIG. 7, i step 701, the packet admission
determination circuit 11 checks the traflic type of the down-
link packet 3 by checking the DSCP set 1n the packet header
of the downlink packet 3 received from the superior net-
work.
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In step 702, the packet admission determination circuit 11
compares the down radio resources usage rate R with the
admission threshold N, of traflic type of the downlink packet
3.

When the down radio resources usage rate R 1s smaller
than the admission threshold N. of tratlic type of the down-
link packet 3, i step 703, the packet admission determina-
tion circuit 11 determines to admit the downlink packet 3.
The admitted downlink packet 3 1s transmitted to the mobile
station 30 via the signal multiplexing circuit 12, the encod-
ing circuit 13, the modulating circuit 14, the circulator 16
and the radio antenna 17. Then, the operation proceeds to
step 707.

When the down radio resources usage rate R 1s equal to
or larger than the admission threshold N, of traflic type of the
downlink packet 3, 1n step 704, the packet admission deter-
mination circuit 11 determines whether or not the downlink
packet 3 1s a real time trailic (packet of “EF type”).

When the downlink packet 3 1s real time traflic, 1n step
705, the packet admission determination circuit 11 deter-
mines not to admit the downlink packet 3. And the packet
admission determination circuit 11 notifies the fact to the
superior network. Then, the operation proceeds to step 707.

When the downlink packet 3 1s not real time traflic, 1n step
706, the packet admission determination circuit 11 deter-
mines to builer the downlink packet 3. Then, the operation
proceeds to step 707.

In step 707, the down average transmission power mea-
suring circuit 15 measures the down average transmission
power at every predetermined period of time (for example,
every time slot 1n the frame), and transfers it to the packet
admission determination circuit 11.

The packet admission determination circuit 11 renews the
down radio resources usage rate R by recalculating the same
in accordance with the down average transmission power
value received from the down average transmission power
measuring circuit 15. Then, the operation returns to step 701.

Secondly, the operation of the base station 10 when the
communication control system according to the embodiment

performs the traflic admission control with respect to the
uplink packet 4 will be described.

As shown 1n FIG. 8, 1n step 801, the admission estimation
result notifying circuit 23 estimates the state of congestion
of the radio network in accordance with the up average
reception power from the up average reception power mea-
suring circuit 18, determines whether or not to admit the
uplink packet 4 of each traflic type in accordance with the
estimated result, and transfers the determined admission
estimation result (to admit or not to admait) to the signal
multiplexing circuit 12.

Specifically, the admission estimation result notifying
circuit 23 compares the up radio resources usage rate R with
the admission threshold N, of traffic type of the uplink packet
4.

When the up radio resources usage rate R 1s smaller than
the admission threshold N, of the traflic type 1, the admission
estimation result notifying circuit 23 determines to admuit the
uplink packet 4 of the traflic type 1.

On the other hand, when the up radio resources usage rate
R 1s equal to or larger than the admission threshold N, of the
traflic type 1, the admission estimation result notifying
circuit 23 determines not to admit the uplink packet 4 of the
traflic type 1.

In step 802, the above-described admission estimation
result 1s multiplexed with the downlink packet 3 by the
signal multiplexing circuit 12 and transferred to the mobile
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station 30 via the encoding circuit 13, the modulating circuit
14, the circulator 16 and the radio antenna 17.

In step 803, the up average reception power measuring
circuit 18 measures the up average reception power at every
predetermined period of time (for example, every time slot
in the frame), and transmits 1t to the admission estimation
result notifying circuit 23.

The admission estimation result notifying circuit 23
renews the up radio resources usage rate R by recalculating,
the same 1n accordance with the up average reception power
value recerved from the up average reception power mea-
suring circuit 18. Then, the operation returns to step 801.

Thirdly, the operation of the mobile station 30 when the
communication control system according to the embodiment
performs the trathc admission control with respect to the
uplink packet 4 will be described.

As shown 1n FIG. 9, 1n step 901, the packet mput circuit
31 generates an uplink packet 4 based on the data input by
a user ol the mobile station 30.

At the step 902, the traflic type check circuit 32 checks the
traflic type of the uplink packet 4 by checking the DSCP set
in the packet header of the generated uplink packet 4.

In step 903, the admission Y/N judgment circuit 37
rece1ves the admission estimation result transferred from the
base station 10 via the circulator 35 and checks the contents
thereof.

In step 904, the admission Y/N judgment circuit 37 judges
whether or not to admit the uplink packet 4 1n accordance
with the above-described admission estimation result and
the traflic type of the uplink packet 4 from the traflic check
circuit 32.

When the circuit 37 judges to admit the uplink packet 4,
in step 905, the transmission timing determination circuit 38
generates the transmission timing.

And then, 1n step 906, the uplink packet 4 1s transmatted
to the base station 10 via the encoding circuit 33, the
modulating circuit 34, the circulator 35 and the radio
antenna 42. Then, the operation returns to step 901.

When the circuit 37 judges not to admit the uplink packet
4, 1n step 907, the admission Y/N judgment circuit 37
estimates whether or not the uplink packet 3 i1s real time
traflic (packet of “EF type”).

When the uplink packet 3 1s real time traflic, 1n step 908,
the admission Y/N judgment circuit 37 rejects the admission
of the uplink packet 4, and notifies the fact to the user of the
mobile station 30. Then, the operation returns to step 901.

When the uplink packet 3 1s not real time traflic, 1in step
909, the admission Y/N judgment circuit 37 buflers the
uplink packet 4. Then, the operation returns to step 901.

(Operation and Working-eflect of the Communication Con-
trol System According to the Embodiment)

In the communication control system according to the
embodiment, since the packet admission determination cir-
cuit 11 of the base station 10 determines whether or not to
transmit the downlink packet 3 1n accordance with the state
ol congestion of the radio network, it 1s possible to control
the down ftraflic that flows in a radio link to ensure the
stability of the network, to prevent the deterioration in the
communication quality due to transmission of downlink
packets 3 exceeding the capacity, and to increase the com-
munication capacity.

Also, 1 the communication control system according to
the embodiment, since the packet admission determination
circuit 11 of the base station 10 determines whether or not
to transmit the downlink packet 3 1n accordance with the
traflic type (DSCP) of the downlink packet 3, it 1s possible

12

to perform “trafiic admission control” 1n accordance with the
tratlic type (DSCP) of the downlink packet 3 resulting in an
enhanced communication quality.

Further, in the communication control system according,
to the embodiment, the up average reception power mea-
suring circuit 18 and the admission estimation result noti-
tying circuit 23 of the base station 10 determines whether or
not to admait the uplink packet 4 1n accordance with the state
of congestion of the radio network, and the admission Y/N

10 judgment circuit 37 of the mobile station 30 determines
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whether or not to transmit the uplink packet 4 in accordance
with the admission estimation result; therefore 1t 1s possible
to control the up traflic that flow in the radio link to ensure
the stability of the network, to prevent the deterioration of
the communication quality due to the transmission quality of
uplink packets 4 exceeding capacity, and to increase com-
munication capacity.

Furthermore, owing to the communication control system
according to the embodiment, the up average reception
power measuring circuit 18 and the admission estimation
result notifying circuit 23 of the base station 10 determine
whether or not to admait the uplink packet 4 1n accordance
with the traflic type (DSCP) of the up link packet 4, and the
admission Y/N judgment circuit 37 of the mobile station 10
determines whether or not to transmit the uplink packet 4 1n
accordance with the admission estimation result; therefore it
1s possible to perform “traflic admission control” 1n accor-
dance with the traflic type (DSCP) of the uplink packet 4
resulting 1n enhanced communication quality.

As described above, according to the invention, 1t 1s
possible to control the tratlic flowing 1n a radio link to ensure
the stability of the network, to prevent the deterioration of
the communication quality due to the quality of packets
transmitted exceeding capacity, and to increase communi-
cation capacity.

Further, according to the invention, it 1s possible to
perform “trailic admission control” in accordance with the
radio resource usage state and the traflic type of the packet
resulting 1n enhanced communication quality.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
the representative embodiment shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A communication control system 1n a packet mobile
communication that transmits a downlink IP packet from a
base station to a mobile station via a radio network, wherein:

the base station comprises an admission determiner con-

figured to manage an admission threshold of an usage
rate of transmission power resources in the base station
for each traflic type of an IP packet,

to determine a trathic type of the downlink IP packet based

on a code point of a DifiServ IP packet (DSCP) set 1n
a packet header of the downlink IP packet from a
superior network,

to compare the admission threshold of the determined

traflic type with the usage rate of the transmission
power resources 1n the base station,

to determine to admit the downlink IP packet from the

superior network, when the usage rate of the transmis-
s1on power resources in the base station 1s smaller than
the admission threshold of the determined traflic type,
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to determine not to admit the downlink IP packet from the
superior network, when the usage rate of the transmis-
s1on power resources 1n the base station 1s equal to or
larger than the admission threshold of the determined
traflic type and when the determined traflic type 1s a
real-time trafhic, and

to determine to bufler the downlink IP packet from the

superior network, when the usage rate of the transmis-
s1on power resources 1n the base station 1s equal to or
larger than the admission threshold of the determined
traflic type and when the determined traflic type 1s a
non-real-time traflic.

2. A communication control method 1n a packet mobile
communication that transmits a downlink IP packet from a
base station to a mobile station via a radio network, the
method comprising:

managing an admission threshold of an usage rate of

transmission power resources in the base station for
cach traflic type of an IP packet;

determining a traflic type of the downlink IP packet based

on a code point of a DifiServ IP racket (DSCP) set 1n
a packet header of the downlink IP packet from a
superior network;

comparing the admission threshold of the determined

traflic type with the usage rate of the transmission
power resources 1n the base station;
determining to admit the downlink IP packet from the
superior network, when the usage rate of the transmis-
s1on power resources in the base station 1s smaller than
the admission threshold of the determined traflic type;

determining not to admait the downlink IP packet from the
superior network, when the usage rate of the transmis-
s1on power resources 1n the base station 1s equal to or
larger than the admission threshold of the determined
traflic type and when the determined traflic type 1s a
real-time trathic; and

determining to bufler the downlink IP packet from the

superior network, when the usage rate of the transmis-
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s1on power resources 1n the base station 1s equal to or
larger than the admission threshold of the determined

traflic type and when the determined traflic type 1s a
non-real-time traflic.

3. Abase station that transmits a downlink IP packet to a

mobile station via a radio network, the base station com-
prising;:

an admission determiner configured to manage an admis-
sion threshold of an usage rate of transmission power
resources 1n the base station for each traflic type of an
IP packet,

to determine a traflic type of the downlink IP packet based
on a code point of a DifiServ IP packet (DSCP) set 1n
a packet header of the downlink IP packet from a
superior network,

e

to compare the admission threshold of the determined
traflic type with the usage rate of the transmission
power resources 1n the base station,

to determine to admit the downlink IP packet from the
superior network, when the usage rate of the transmis-
s1on power resources in the base station 1s smaller than
the admission threshold of the determined traflic type,

to determine not to admit the downlink IP packet from the
superior network, when the usage rate of the transmis-
sion power resources 1n the base station 1s equal to or
larger than the admission threshold of the determined
traflic type and when the determined traflic type 1s a
real-time tratlic, and

to determine to bufler the downlink IP packet from the
superior network, when the usage rate of the transmis-
sion power resources 1n the base station 1s equal to or
larger than the admission threshold of the determined
traflic type and when the determined traflic type 1s a
non-real-time traflic.
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